Hypertension is a major risk factor for cardiovascular diseases. Early diagnosis and prevention of hypertension are of great importance in reducing overall mortality. The objective was to determine which potential risk factors are associated with newly diagnosed high blood pressure in women and men.
Hypertension is the leading risk factor for global mortality 1 and one of the four major risk factors for coronary heart disease. 2, 3 Early detection and treatment of hypertension is an important tool for avoiding development of left ventricular hypertrophy, heart failure, stroke, sudden cardiovascular death, and renal failure.
Gender differences in cardiovascular risks are known to some extent, and the Framingham 10-year risk score is calculated using different equations for women and for men. 4 Cardiovascular disease and death occur earlier in men than in women. The age-adjusted annual risk of death due to coronary heart disease in Swedish-born individuals is three times higher in men than in women. 5 One of the main reasons for this may be the higher prevalence of hypertension in men. 6 In a recent cohort study of hypertensive subjects, cardiovascular morbidity and mortality were found to be two to three times higher in men than in women. 7 Predictors of new-onset hypertension were studied with data from the Framingham Heart Study. 8 Male gender was a risk factor for isolated diastolic hypertension and female gender for isolated systolic hypertension. In contrast, combined systolic and diastolic hypertension did not differ significantly between genders. A study of aging spontaneously hypertensive rats showed that male gender was a risk factor to end-organ damage. 9 There are many studies on risk factors predisposing to hypertension. Obesity is a major risk factor, and >85% of all hypertension arises in individuals with a body mass index (BMI) >25 kg/m 2 . Obese people have up to five times higher risk of hypertension than those of normal weight, and up to two-thirds of all cases of hypertension are linked to excess weight. 10 BMI was related to myocardial infarction in the INTERHEART study but was shown to be less important than abdominal obesity (waist-to-hip ratio). 3, 11 Central obesity has been shown to be increasing in both women and men in Sweden, and there is growing evidence linking central obesity to myocardial infarction. 11, 12 Physical activity has been shown to have beneficial effects on the risk of developing hypertension, and a meta-analysis articles Risk Profiles in High Blood Pressure of 54 randomized trials 13 found that aerobic exercise was associated with a mean reduction in blood pressure of 4.9/3.7 mm Hg in hypertensive persons.
Excess alcohol intake has been associated with increased blood pressure. 14 Drinking other than at meals has been associated with hypertension, while alcohol consumption along with food did not show this effect in a study of New Yorkers free from cardiovascular disease. 15 Apart from the known risk factors for hypertension mentioned earlier, there are still many other potential risk factors that can be analyzed, such as whether BMI or waist circumference is most important, or whether it is the genes interacting with obesity, or whether it is the quality of diet and lack of exercise, leading to insulin resistance that is more important. Sodium intake could also be important. 16 Furthermore, most previous studies did not include both men and women, while we had the opportunity to do so cross-sectionally in a representative population-based sample of 60-year-old subjects in Stockholm County, Sweden.
The aim of this study was to determine which of the anthropometric, socio-economic, and lifestyle factors can be associated with newly diagnosed high blood pressure in men and women.
Methods

A study of 60-year-old men and women in Stockholm county.
From August 1997 to March 1999, every third man and woman living in Stockholm County who were born between 1 July 1937 and 30 June 1938 were randomly selected from the register of the total population in Sweden and invited to participate in a thorough health-screening study. The participants underwent a physical examination that included measurements of their blood pressure, height, weight, waist, and hips. Blood pressure was measured two times after 5 min of rest with the participant in a sitting position using an automatic device (HEM 711; Omron Health Care, Bannockburn, IL). If the participant had an upper arm circumference >32 cm, a wider cuff was used. The mean of the two values was calculated. Waist circumference was analyzed as quintiles (Q) in men and women separately (men Q1 = 61.8-89 cm, Q2 = 89.5-94.5 cm, Q3 = 95-99.5 cm, Q4 = 100-105.5 cm, Q5 = 106-153 cm and women Q1 = 60-76 cm, Q2 = 76.5-82 cm, Q3 = 82.5-88 cm, Q4 = 88.5-96 cm, Q5 = 96.5-141 cm).
Glucose was measured using an enzymatic colorimetric test (Bayer Diagnostics, Tarrytown, NY). Insulin levels were determined using enzyme-linked immunosorbent assay (Boeringer Mannheim, Diagnostica, Germany). Diabetes was defined as self-reported in the questionnaire (yes/no), and/or selfreported medication for diabetes, or a fasting morning serum glucose value >7.0 mmol/l. A comprehensive questionnaire with validated questions was completed. The data used in this study were originally designed to be the base in cardiovascular cohort studies but has so far been used in cross-sectional studies of metabolic syndrome and diabetes, where the questionnaire is described in more detail. 17, 18 Study population. A total of 5,460 subjects (2,779 men and 2,681 women) were invited, and 4,228 individuals (77%) participated (2,036 men (73%) and 2,192 women (82%)). Data on previous blood pressure and information about whether hypertension was present earlier were available for 1,971 men, of whom 503 (26%) were previously known to be hypertensive, and 2,133 women, of whom 445 (21%) were previously known to be hypertensive. Thus, 3,156 individuals (1,468 men and 1,688 women) remained after the exclusions, who were included in this study.
Newly diagnosed high blood pressure. Newly diagnosed high blood pressure or "unknown" high blood pressure was defined as systolic and/or diastolic blood pressures ≥140/90 mm Hg measured on one occasion, with no previous diagnosis or treatment.
Statistical methods. Calculations of statistical significance were performed using Student's t-test and χ 2 -analysis. All tests were two-tailed, and the significance level was set at P < 0.01 to compensate for multiple testing in Tables 1 and 2. Risk profile for newly diagnosed high blood pressure was performed for women and men separately by logistic regression to determine odds ratios (ORs) with 95% confidence intervals (CIs). Independent factors, i.e., anthropometric, socio-economic, and lifestyle factors were tested in univariate and multivariate models. We also created models including both men and women to find possible interactions with gender. Significant factors by univariate analysis in at least one gender or in the combined model were tested for possible inclusion in the multivariate analysis. In the final multivariate logistic regression, all nonsignificant factors were excluded. P values for the Pearson's χ 2 -test of fit for the multivariable models were 0.69 for men and 0.27 for women and 0.61 for the combined model, where a fit >0.10 was acceptable.
Ethics. This study was approved by the ethics committee at the Karolinska Institutet and all participants gave their written consent.
results general characteristics
The prevalence of newly diagnosed high blood pressure was high and more prevalent in men (713 of 1,468 (49%)) than in women (510 of 1,688 (30%)), P < 0.001. General anthropometrical, metabolic, and medical data for men and women with or without newly diagnosed high blood pressure, respectively, are presented in Table 1 . Both men and women with newly diagnosed high blood pressure often had a large waist circumference, a high BMI, high fasting glucose and insulin levels. A high homeostasis model of insulin resistance (HOMA-IR) was more common in participants with newly diagnosed high blood pressure both in men (P < 0.001) and in women (P = 0.002). Diabetes was more common in men with newly diagnosed high blood pressure (P = 0.005) and was nonsignificant in women (P = 0.05).
Lifestyle and socioeconomic characteristics are shown in Table 2 . Subjects with newly diagnosed high blood pressure had lower levels of education. However, there were smaller differences between women with high blood pressure and those with normal blood pressure as compared with their male counterparts. Women with newly diagnosed high blood pressure were less often physically active (P = 0.004), while men with newly diagnosed high blood pressure consumed higher amounts of alcohol (P = 0.001).
Employment and smoking habits did not differ between participants with normal and newly diagnosed high blood pressure. Men with newly diagnosed high blood pressure reported a significantly lower intake of fish.
univariate logistic regression
Univariate logistic regressions were performed for anthropometrical, socioeconomic, and lifestyle factors found significant or close to significant in Tables 1 and 2 , as presented in Table 3 . All participants were also tested in a combined model, mainly to test for possible interactions with gender.
Waist circumference was clearly related to newly diagnosed high blood pressure in both gender, quintiles 3-5 were associated in men (≥95 cm) and quintiles 4-5 in women (≥88.5). HOMA-IR was associated in men (OR = 1.29, 95% CI = 1.15-1.46) and women (OR = 1.19, 95% CI = 1.04-1.37). Diabetes was associated in men (OR = 1.82, 95% CI = 1.19-2.77). Educational level (college/university) was negatively associated in both men (OR = 0.64, 95% CI = 0.51-0.81) and women (OR = 0.43, 95% CI = 0.33-0.56), whereas secondary school was only associated in men (OR = 0.68, 95% CI = 0.50-0.92). Regular physical activity was negatively associated in women (OR = 0.70, 95% CI = 0.55-0.89) but not in men. Alcoholic intake >30 g/day was associated with newly diagnosed high blood pressure in men (OR = 1.70, 95% CI = 1.31-2.22).
Two interactions with gender were found, high alcoholic intake and educational level.
Multivariate logistic regression
Multivariate logistic regression was performed for potentially important risk factors for newly diagnosed high blood pressure to determine whether they were independently related to newly diagnosed high blood pressure in either gender and in the combined model ( Table 4) .
Greater waist circumference was the main modifiable risk factor in both men and women, associated in quintiles 3-5 (≥95 cm) in men and quintiles 4-5 (≥88.5 cm) in women. Diabetes was associated in men (OR = 1.57, 95% CI = 1.0-2.43). Secondary school was only associated in men (OR = 0.73, 95% CI = 0.54-0.99). Higher educational level (college/ university) was associated in both genders (men OR = 0.66, 95% CI = 0.52-0.85 and women OR = 0.45, 95% CI = 0.34-0.59). Regular physical activity was found to be negatively associated in women only (OR = 0.77, 95% CI = 0.61-0.99), and high alcohol consumption remained associated in men (OR = 1.60, 95% CI = 1.22-2.09). The interaction term college/ university × gender remained independently associated (OR = 0.67, 95% CI = 0.47-0.97).
Weekly intake of oily fish, non-oily fish, and sausage/bacon were all tested in multivariate models and were not associated with newly diagnosed high blood pressure (possible due to greater importance of waist circumference) and therefore not included in the final model. BMI and HOMA-IR were 
discussion
A salient finding in this study was that the pattern of factors, i.e., risk profiles, was different in men and women. Secondary school was negatively associated with newly diagnosed high blood pressure in men and university/college in both genders. Physical activity was inversely related to newly diagnosed high blood pressure in women and high alcohol intake was a significant factor in men. The importance of a small waist circumference was however shared in men and women. An interaction with gender that we found to be independent was higher education, indicating a significantly greater importance of college or university in women.
There are previous studies of risk factors for hypertension and high blood pressure, but only a few have taken gender differences into account, 8, 19 making our data valuable. It is also possible that different age groups have other associated factors than 60-year olds, which is of interest for future studies.
The INTERHEART study showed that the waist-to-hip ratio is a stronger cardiovascular risk factor than BMI. 3 This could be explained by not differentiating between lean body mass and body fat when using BMI, 20 so we chose to include waist measurements reflecting abdominal obesity in our univariate and multivariate analyses. Waist circumference ≥95 cm in men and ≥88.5 cm in women was associated with newly diagnosed high blood pressure. Thus, this excess risk was seen in high abdominal obesity in women but already in moderate abdominal obesity in men. 21 If we assume causal relationships articles
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between waist circumference and hypertension, it is alarming to note the recent increases in waist circumference among men and women in Sweden. 12 Insulin resistance has been shown to impair endotheliumdependent vasorelaxation and has been suggested to be a potentially important cause of the increased risk of hypertension in diabetic individuals. 22 In this study, diabetes was associated with newly diagnosed high blood pressure in men but not in women. This was, however, most likely due to the small number of women with diabetes, limiting the statistical power or eliminated because of adjustment for waist circumference.
Lower educational level is a complex socioeconomic factor related to lower income and occupational classes, which are well-known risk factors for hypertension. 23 Many of the effects can be attributed to lifestyle differences between more and less educated people. The age and lifestyle adjusted results of the INTERSALT study found higher educational level to be associated with lower blood pressure levels in women only. 16 We found associations in both men and women. Women had to have >12 years of schooling to be less likely to have high blood pressure. In men, >9 years of school was enough to be protective. In addition, the significant interaction term college/ university × gender in our study indicates that this gender difference is true.
In our study, emphasis has been on factors that are modifiable through lifestyle changes. If correctly implemented, lifestyle changes will improve cardiovascular risk profiles; for example, exercise will increase high-density lipoprotein cholesterol and decrease waist circumference. 24 Lower levels of physical activity have been associated with the metabolic syndrome in the same subjects as in our study. 17 Physical inactivity was, however, only related to newly diagnosed hypertension in women. The lack of association between physical inactivity and newly diagnosed high blood pressure in men is confusing, but may be attributed to a greater importance of other risk factors or to methodological issues. Low physical activity level has been associated with increased risk of hypertension in both men and women in a recent study of Chinese adults. 19 The strong association found between high alcohol consumption and newly diagnosed high blood pressure was only detected among men. The interaction term, high alcohol consumption × gender was significant in univariate models indicating a gender difference. We also tried to stratify alcohol intake in both univariate and multivariate models, with no significant findings other than for men drinking >30 g/day. In contrast, drinking three or more drinks per day has been associated with elevated blood pressure in both men and women compared with nondrinkers. 14 articles
Strengths of the study were, first of all, that men and women were investigated at the same time. The response rate (overall response rate 77%) is higher than in many other population-based studies. The good quality of population registers in Sweden is another strength, allowing us to reach the whole population and thus ensuring a good representation, and this adds certainty to our results. Exclusion of known hypertensive participants is likely to reduce bias, because they may have made lifestyle changes to reduce their blood pressure. The high prevalence of hypertension in both men and women yields a good statistical power to our results.
A limitation of this study was that all participants were 60 years of age and therefore the results may be valid for this age group only. However, this design made adjustments for age unnecessary. Another limitation was that blood pressure was measured only on one occasion; however, single-occasion blood pressure measurements are common in prevalence studies, such as in the American study by Hajjar and Kotchen. 6 Studies that rely instead on self-reported hypertension will greatly underestimate the true prevalence. Alcohol intake questionnaires can underestimate the consumption of alcohol, and this may make alcohol appear weaker as a risk factor than it truly is. We did not have the opportunity to study macronutrients and salt intake in this study, factors that could possibly be related to newly diagnosed high blood pressure. Depending on the pathogenesis of the high blood pressure, there may be different predisposing factors, and this is beyond the scope of this study. Our findings are of importance at the community level and may be used as a guide for lifestyle intervention. However, nonsignificant factors in our study can be of importance on the individual level. As shared with all cross-sectional studies, none of the observed associations can be interpreted as causal without more evidence. We have displayed the risk profiles of men and women separately and as a combined model in this study. This does not necessarily mean that there is a significant difference between men and women, only that there is a different risk profile. However, this methodology is common in studies presenting risk profiles of hypertension. 19, 25 Reduction of high alcohol intake, physical exercising, weight loss when necessary, and dietary approaches are key tools to use alone 26, 27 or in combination with antihypertensive medication 28 to treat and prevent hypertension. Physical exercise should be encouraged and a diet rich in vegetables and fruits with low sodium and high potassium in combination with low content of saturated fat and dairy products can be an effective treatment of hypertension. 29 These dietary adjustments are referred to as the "DASH" (Dietary Approach to Stop Hypertension) diet. Many of these factors were detected in our study, but only few of them were found to be independent factors, with different risk profiles in men and women.
In conclusion, there are different risk profiles for newly diagnosed high blood pressure in men and women. The important differences were that high alcohol consumption was associated with newly diagnosed high blood pressure in men but not in Educational levels: compulsory, up to 9 years of schooling; secondary school, high school (9-12 years); and college/university, >12 years of schooling. Regular physical activity: physical exercise three times a week or more compared with exercise two times a week or less. Alcohol consumption: consumption of 30 g pure alcohol daily or less compared with consumption of >30 g daily.
articles
Risk Profiles in High Blood Pressure women. Regular physical exercise was protective in women but lacked a significant association in men. If the risk profiles found in this study can be confirmed by future studies and in other age groups, they can be helpful in efforts to prevent high blood pressure and cardiovascular diseases.
